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PROGRESS IN SANITARY ENGINEERING PRACTICE. 

By Alva -T. Smith. 

FIFTY years ago there was no class of men devoting their 
entire time and attention to the subject of sanitation. 
Engineering covered such a broad and indefinite field that little 
was accomplished along the lines of what is now sanitary 
engineering. In 1828 civil engineering was described as the 
art of directing the great sources of power in nature for the 
use and convenience of man. Then the practice of the civil 
engineer might cover most of the numerous subjects now 
classed under the six widely distinct departments of engineer- 
ing — mechanical, mining, marine, sanitary, chemical, and 
electric. But there were philanthropists and public-spirited 
men interested in the public-health questions who strove to 
better the condition of their fellow men, to lower the death 
rate of the community, and to inculate into the minds of the 
people the wise saying of Benjamin Franklin that "Public 
health is public wealth," and that of John Wesley that "Clean- 
liness is next to godliness." Specialization in matters per- 
taining to sanitation gradually set in, however, until there 
developed a new class of individuals in sanitary affairs, 
namely, sanitary engineers and inspectors and health officers, 
whose efficient and praiseworthy efforts have been a promi- 
nent factor in giving us the high standard that is held to-day 
in sanitary affairs. Sanitary engineering is now a profession 
concerned with matters pertaining to public health. Since 
pure food, pure water and pure air are essential to public 
health the sanitary engineer busies himself mostly with the 
design, construction and inspection of the two systems so 
vitally important to every community: first, for furnishing 
an abundance of pure water, and, second, for the sanitary 
disposal of sewage. 

Before noting the great strides that have been made since 
sanitary engineering became a profession, let us consider the 
real beginning of its development. We find it almost lost in 
antiquity. "It always has been and always will be an art to 
preserve health and ward off disease," says Seneca Egbert, 
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in his book on Hygiene and Sanitation. Hippocrates, about 400 
B. C, in his treatise on Air, Water, and Places, defined the prin- 
ciples of public health or sanitation, and summed up the knowl- 
edge of his day on the subject. The excellence of the Mosaic 
code of the Hebrews is acknowledged by all sanitary authori- 
ties, and in the comparative longevity of the race we see its 
effect. Therefore the present may be said to be a second advent 
of sanitary engineering as a profession, for the importance 
of sanitary problems was recognized very early in the history 
of man. 

In Egypt artificial lakes were made to provide an adequate 
supply of water in places where the natural supply from the 
Nile was insufficient. Remains of gigantic water basins have 
been found in Peru and Mexico. In Ceylon there is found the 
remains of a great artificial lake 40 miles in circumference. 

Necessity drove the ancient Mound Builders of Yucatan to 
dig hundreds of wells as sources of water supply, some of 
which were of large dimensions. In one case a winding 
passageway 1400 feet long led to a supply of water at a depth 
of 450 feet. Many of their wells were constructed the shape 
of our modern cisterns, i. e., with a small opening at the top, 
a form favorable to resisting contamination. From the num- 
ber of wells constructed in this form one is induced to believe 
that the builder's purpose was to protect the quality of the 
water. 

About 312 B. C. the early Greeks and Romans met our prob- 
lem of supplying the people with water of sufficient quality 
and quantity, and considered it a problem of importance. 
They were compelled by the demand for more and better water 
to abandon their wells and construct their great systems of 
aqueducts. These aqueducts are masonry conduits from two 
to eight feet in diameter, constructed in tunnels through the 
hills and on series of arches over the valleys for hundreds of 
miles. It was here that municipal water supply reached its 
zenith as to quantity. The first great aqueduct supplied Rome 
with pure water drawn from a distant mountain. At the end 
of the first century A. D. Rome had 14 aqueducts supplying 
375,000,000 gallons, or about 300 gallons per capita, daily. 
This water was mostly supplied through public fountains to 
which the people came in great numbers; however, some of 
the houses had direct connection with the aqueducts through 
lead pipes. 
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Two thousand years later Emporia built a waterworks 
wherein the purification process is sedimentation and a treat- 
ment with alum, instead of sedimentation and a treatment 
with salt as was the method of the Romans; the only ap- 
parent progress in the method of treatment in 2000 years in 
this case being a substitution of alum for salt. 

If the Romans had to vote bonds to build their waterworks, 
there is no record of the usual fight against the proposition. 
Neither are we told who was the Doctor Crumbine of that day 
who insisted that such a system be installed. 

Paris and Lyons in France, Metz in Germany, and Segova 
and Seville in Spain were well supplied with water at about 
the time the Roman aqueducts were built. 

Wells were constructed by the Chinese at a very early date. 
These wells were often very deep and some were sunk through 
solid rock. 

Among the ruins of nearly all large cities of ancient civiliza- 
tion are found remains of both tile and masonry sewers. The 
oldest sewers of which I have found any record were built by 
the Assyrians about 900 B. c. These sewers were constructed 
of stone masonry with flat bottoms and arched roofs. One 
of the earliest applications of the principle of the arch to 
structural purposes is found in these Assyrian sewers. 

Some of the great sewers of ancient Rome were built 700 
years B. c. and are in such a good state of preservation that 
they are still in use after a lapse of 2600 years. 

It is evident that the ancient Greek, Roman and Assyrian 
engineers were not only proficient in accuracy, with ability 
to plan enduring construction work, but they had developed 
engineering science to a point where considerable efficiency 
in the matter of sanitation was reached. Roman engineers 
especially had at this early date developed some excellent and 
systematic sanitary engineering methods. 

For a thousand years following the fall of the Roman Em- 
pire, 476 A. D., sanitary engineering, with other branches of 
science, suffered great degeneracy. As a result of neglecting 
sanitary precautions through the Dark Ages following, impure 
water supplies contaminated by accumulations of filth pre- 
dominated, resulting in the prevalence of disease and pesti- 
lence throughout the period. The neglect of their great sys- 
tem of drains was so complete during this period that some of 
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them became filled up and the people actually forgot what they 
were for. 

In the eighteenth century the subject of sanitation was 
revived and again brought before the people. In a monograph 
entitled "A New Method of Purifying Water by Ascent," is- 
sued by James Peacock in 1793, we have the first published ac- 
count of a water filter. This filter was constructed of sand 
and gravel, much as filters are made to-day, and its operation 
was much the same, excepting that the water passed through 
the filter from bottom to top instead of descending through 
it as is customary at this time. The filter was washed by 
reversing the flow of the water through it. 

This filter may have operated fairly well on English waters, 
but could not have been long successful if applied to the highly 
turbid waters of our Kansas streams. However, this little 
publication proves that the principles of water filtration were 
being carefully studied at that early date and that considerable 
progress had been made in developing the practical features 
of the process. 

Even before this date development in other lines of water- 
works improvement had begun. A system of waterworks was 
built in Boston in 1652, and improvements were made in the 
London and Paris waterworks about the year 1700. More 
rapid advancement was marked by the introduction of steam 
pumping machinery, which came into use about one hundred 
years later. The development of modern waterworks systems 
has progressed much more rapidly since 1850, and radical 
changes in processes of pumping and purification are stfll 
taking place. About the middle of the nineteenth century 
Charles Kingsley, an English clergyman, struck some mighty 
blows for reform and urged the clergy of England to agitate 
the subject of sanitation as part of their bounden duty to 
their flocks. 

In following the history of the human race we find that 
many methods have been used in the removal of waste ma- 
terial. During the time that the functions of microorganisms 
were unknown, and even their presence unsuspected, elaborate 
preparations were made in the larger communities for the 
more or less prompt removal of what they realized from experi- 
ence to be dangerous accumulations. The first effort to dis- 
pose of these accumulations were probably made in the way 



26 Kansas Academy of Science. 

of burial, as indicated in the 23d chapter of Deuteronomy and 
in the early Hindoo writings. Later came the use of vaults 
and cesspools, removal by carts, dry-pail methods, burning, 
compressed air, and water carriage, with its final develop- 
ment into methods of aiding bacterial decomposition in the 
modern disposal plant. 

In the operation of the, biological machine known as the 
human body a large quantity of waste material is produced. 
In the elimination of this material millions of bacteria of 
various kinds pass from the body. McNeal, Latzer and Kerr 
report an average of 33,000,000 millions excreted from the 
normal adult in one day. These facts, which are matters of 
common knowledge with us, were generally unknown to the 
earlier generations of the human race. That any escape the 
dangers from the accumulation of this excretal material scat- 
tered by millions of flies and other insects is almost a marvel. 
To effectually destroy the pathogenic species of these micro- 
organisms in order to prevent recontamination of food and 
water supplies of human habitations is one of the problems 
confronting the present-day sanitary engineer. 

While many of the complex processes that enter into the 
decomposition and mineralization of sewage contents are yet 
imperfectly understood, the work of the chemist and bacte- 
riologist are yielding definite results in this line, as is indi- 
cated by the recent construction of many sewage-disposal 
plants designed more nearly than ever before to meet the 
requirements of theories developed in the laboratory. By 
careful study of putrefactive processes, and accurate compari- 
son of structural features with results in sewage-disposal 
plants now in operation, the necessary requirements to pro- 
duce a satisfactory effluent under different conditions as to 
kind and quantity of sewage are well defined. Good results 
are now certain with properly constructed plants. 

The functions of the various types of bacteria in the puri- 
fication of sewage are now being carefully determined in the 
numerous experiment stations and laboratories for sanitary 
research throughout the country. The results obtained by 
experiments on Boston sewage by the sanitary research lab- 
oratory and sewage experiment station of the Massachusetts 
Institute of Technology have done much to bring exact knowl- 
edge of the necessary processes in sewage purification to the 
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attention of sanitarians. In carrying on their investigations 
they tapped the main sewer of the city of Boston, which carries 
sewage from 500,000 people, and installed pumps for lifting 
the sewage as needed by the experimental apparatus. The 
sewage was then treated in different kinds of tanks; sprink- 
ling, trickling and contact niters, and the mineral, bacterial 
and other contents of both influent and effluent sewage care- 
fully noted. The recorded results of these experiments, which 
were conducted by a corps of expert engineers, chemists and 
bacteriologists, have been recognized as authoritative, and 
their findings have been adopted in large measure by those 
who are intrusted with the design and construction of sewage- 
disposal works. 

At Lawrence, Mass., experimental methods have been put in 
practice by the State Board of Health since 1886 when the 
Lawrence experiment station was established. Experiments 
have been conducted at this station in both sewage and water 
purification continuously since 1887. This station, through its 
long series of annual reports extending over a quarter of a 
century, has gained perhaps the highest reputation of any 
organization working in the experimental field of sanitary 
science. Other prominent stations for the study of conditions 
relating to sewage purification are located at Worcester, 
Mass., Pawtucket, R. I., Berlin, Ont., Columbus, Ohio, Water- 
bury, Conn., Reading, Pa., Baltimore, Md., Gloversville, N. Y., 
Philadelphia, Pa., and Chicago, 111. 

The purposes to be attained in sewage purification are two- 
fold. First, is the decomposition and oxidation of the organic 
matters into stable forms that will not putrefy and create a 
nuisance. Second, is the elimination of pathogenic bacteria, 
so that streams into which the effluent is discharged may not 
become contaminated, and thus endanger the health of the 
people living below the outfall. Disposal plants are now being 
built that are reasonably effective as to the first object, but 
in bacterial efficiency much remains to be desired. 

The average bacterial efficiency of a large number of Ameri- 
can plants which are operating without the application of a 
germicide is 58 per cent, with a minimum of 21 per cent and a 
maximum of about 90 per cent. Some of the other plants, 
where the effluent is disinfected with copper sulphate, have a 
bacterial efficiency as high as 99.95 per cent. 
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With the establishment of the fact that bacteria are the 
cause of many of the diseases that afflict the human race came 
the main incentive to the progress that has recently been made 
in the development of sanitary engineering. Bacteria being 
the cause of disease, the elimination of these pathogenic or- 
ganisms from the air, food and water that enter the human 
system was the logical method of preventing disease. 

In following scientifically the course above suggested the 
sanitary engineer has done much to aid the medical profession 
in developing the methods that now prevail in modern sanita- 
tion, as is well witnessed by the remarkable results obtained in 
the Panama Canal Zone. The success of scientific methods ap- 
plied to water purification is splendidly illustrated by the re- 
sults obtained in the operation of many plants. 

The lack of vital statistics in Kansas covering sufficient time 
to allow reliable deductions to be drawn therefrom prevents 
me giving at this time some local data that point very strongly 
to satisfactory results in the future. I am, however, present- 
ing statistical charts of Hamburg, Albany and Cincinnati arid 
a death-rate table of a number of other cities, giving the drop 
in the typhoid death rate resulting from the installation and 
operation of up-to-date nitration equipment at these places. 
We know from results of bacterial analyses made of the water 
being furnished many Kansas cities and towns at the present 
time that similar gratifying results may soon be reported from 
local plants. 

The first filter applied to a large public water supply of which 
we have a record was installed by the Chelsea Water Company 
of London in 1829, and was a success in improving the whole- 
someness of the water from the start. Owing to the good re- 
sults obtained from this filter, the city of London in 1855 made 
compulsory the nitration of all water supplied the city from 
rivers. 

Berlin, which draws its water supply from the river Spree, 
installed filters in 1856. These niters served the city in con- 
tinuous use until 1893, when they were replaced by a new 
plant at Lake Muggel. About 1875 Berlin developed an addi- 
tional supply of water from a well system, but this water con- 
tained enough iron to encourage the growth of crenothrax to 
such an extent that the supply was abandoned in 1883 and 
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another filter plant was constructed to purify water taken 
from Lake Tegil. 

At Hamburg the waterworks were built with the intention 
of installing filters, but for some reason delay was occasioned, 
and work on their construction was not begun until 1891. It 
was originally intended to devote three years' time to the work 
of building the filters, but a cholera epidemic occurred in 1892 
and swept away 8605 of the city's inhabitants. This served 
strongly to emphasize the need of a filter plant. The cause of 
this epidemic was traced directly to water pollution, and to 
prevent a recurrence of the scourge work was continued on 
the filter night and day until it was completed in 1893. 
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The wonderful success of the Hamburg filter plant is shown 
in the remarkable drop in the typhoid death rate in the city of 
91.6 per cent. The Hamburg death-rate chart, which I have the 
pleasure of showing, with others, gives a graphic illustration 
of the actual results that have been achieved by the efficient 
operation of the modern filter equipment. 

The largest filters built in America, at least prior to 1900, 
are those at Albany. These filters were constructed in 1898 
and 1899 at a total cost of $496,633, and have a rated capacity 
of 14,700,000 gallons daily. They are of the slow sand type 
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and have developed a bacterial efficiency of over 99 per cent. 
The supply of water, which is often muddy and always con- 
taminated with sewage, is taken from the Hudson river about 
four miles below Troy. After treatment the water is clear, 
sparkling and wholesome. The effect of filtered water on the 
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typhoid death rate in Albany will be shown on the screen later, 
in the Albany death-rate chart. Since the niters were placed 
in operation in 1899 a reduction of 74.3 per cent in the typhoid 
death rate has occurred. 

The Cincinnati filter plant was completed about the close of 
1907, and is now furnishing the city of 400,000 people an 
abundance of wholesome filtered water. The operation of these 
niters has resulted in reducing the typhoid death rate in the 
city from 280 per 100,000 to 48, or approximately 93 per cent. 
The typhoid death rate both before and after the installation 
of the filters is shown graphically in the accompanying death- 
rate chart. 

TABLE OF TYPHOID DEATH RATE PER 100,000. 

Plant Per cent 

installed. Before. After. reduction. 

Binghamton, N. Y 1902 47 15 68% 

Columbus, Ohio 1908 78 11 86 

Hoboken, N. J 1905 19 14 26 

Paterson, N. J 1902 32 10 69 

Watertown, N. Y 1904 100 38 62 

York, Pa 1899 76 21 72 

Lawrence, Mass 1893 114 25 78 

Washington, D. C 1905 57 33 42 

Passaic, N. J 1902 36 13 64 

All streams in an inhabited country are more or less pol- 
luted. As the population within the watershed of a stream 
grows larger the probability of the dangerous contamination 
of the stream is proportionately increased. Therefore the 
necessity of purifying the water that is taken from the sur- 
face stream for domestic consumption is an increasing one. 
This necessity, however, is being met in a very creditable way 
by most of the cities of Kansas where surface water is con- 
sumed, though some are yet slow to recognize the importance 
of the matter. 

Of thirty-nine municipal water plants in the state taking 
their supply from surface water twenty are equipped with 
niters, nine with sedimentation basins and coagulation appa- 
ratus, and ten have no provision for purifying the water. All 
of the filter plants except two are in good condition, and are 
yielding a satisfactorily pure water when properly operated. 
In most of the cases where coagulation and sedimentation 
only is the method of purification the treatment is inadequate. 

More than half of the cities of Kansas secure their water 
supply from wells. This well water in a few cases is aerated 
and passed through a sedimentation basin before entering the 
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mains. Ground-water supplies are generally quite satisfac- 
tory where a sufficient quantity is available, though the deep- 
well waters of southeastern Kansas are not so acceptable as 
some, on account of the large amount of sulphureted hydrogen 
contained. 

The total number of cities in the state having waterworks 
is 187. There are only seven cities having a population of 
over 1000 that are without waterworks. There is none having 
a population over 2000 without such plants. 

TABLE OF CITIES HAVING WATERWORKS. 
12 with a population over 10,000 



16 
20 
23 
55 
61 



of 5,000 to 10,000 

3,000 to 5,000 

2,000 to 3,000 

1,000 to 2,000 

under 1,000 



TABLE OF CITIES IN KANSAS HAVING SEWER SYSTEMS. 

Census of 1911. 

12 cities of over 10,000 total population, 320,211 



16 " 5,000 to 10,000.. 

18 " 3,000 to 5,000.. 

16 " 2,000 to 3,000.. 

18 " 1,000 to 2,000.. 

1 city under 1,000. . 



113,311 

63,908 

38,515 

25,467 

763 



81 Total population, 562,175 

TABLE GIVING CITIES IN KANSAS HAVING NO SEWER 

SYSTEM. 

2 cities of 3,000 to 5,000 total population, 6,491 

7 " 2,000 to 3,000.... " " 15,213 

44 " 1,000 to 2,000 " " 61,631 



53 Total population, 83,334 

There are 50 sewage-treatment plants in the state, purify- 
ing the sewage from 40 cities. There are 22 septic tanks 
operating alone, and 3 Imhoff tanks and 25 septic tanks 
operating in connection with contract niters. 

To-day 87 per cent of the Kansas people living in towns hav- 
ing a population over 1000 have the privilege of connecting 
with sanitary sewers. 

In comparison with other states, Kansas ranks sixth in the 
number of towns sewered and fourth in the number of sewage- 
treatment plants in operation. This and the number of water- 
works installed go to show that Kansas is one of the leading 
states in modern sanitary practice. 
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The application of sanitary science in the state is very 
largely due to the efforts of the State Board of Health. In 
this Board we have united in congenial cooperation a corps 
of medical advisers, engineers, chemists, bacteriologists and 
inspectors, of whom the people of the state should be proud. 
The work of this Board has been aggressive, efficient and ef- 
fective, as is shown by the results that have been attained in 
the cities and towns, and now the work is being pushed into 
the country districts with the same energy that was applied 
to the city problems. 

I sincerely hope that the entire membership of the Academy 
of Science will enlist in earnest cooperation with the members 
of the State Board of Health in their work, and thus aid in 
bringing to Kansas an era of sound practical sanitation. 

Although the progress that has been made in sanitary 
engineering in the past decade is worthy of compliment, only a 
furrow has been made in the field that lies before. What may 
be achieved in the future depends on the joint efforts of the 
scientist and the experienced workman. Let the people be- 
come awake to the truth and join in the effort to eradicate 
disease, and sanitary engineering will advance to an important 
place in the life of the twentieth century. 



